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Summary Current resuscitation practices are often poor in low-income settings. The pur-
pose of this review was to summarise recent evidence, relevant to developing countries, on
best practice in the provision of newborn resuscitation. Potential studies for inclusion were
identiﬁed using structured searches of MEDLINE via PubMed. Two reviewers independently eval-
uated retrieved studies for inclusion. The methodological quality of the selected articles was
assessed using the Oxford Centre for Evidence-Based Medicine (CEBM) levels of evidence, whilst
the Scottish Intercollegiate Guidelines Network (SIGN) grading system was used for subsequent
recommendations. Based on available evidence, where there is meconium-stained liquor, rou-
tine perineal suction of all babies and endotracheal suction of active babies do not prevent
meconium aspiration syndrome and have potential risks. Adequate ventilation is possible with
a bag-valve-mask device and room air is just as efﬁcient as oxygen for initial resuscitation.
This review supports the view that effective resuscitation is possible with basic equipment and
minimal skills. Thus, where resources are limited, it should be possible to improve neonatal
outcomes through promotion of the effective use of a bag-valve-mask alone, without access to
more sophisticated and expensive technologies. Basic, effective resuscitation should therefore
be available at all health facilities and potentially in the community.
opica© 2006 Royal Society of Tr
reserved.1. Introduction
Globally, over 5 million neonatal deaths occur each year.
Birth asphyxia or failure to establish breathing at birth
∗ Corresponding author. Tel.: +254 20 271 0672;
fax: +254 20 271 1673.
E-mail address: nopiyo@wtnairobi.mimcom.net (O. Newton).
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ccount for 19% of these deaths (Lawn et al., 2005a). In
ddition, birth asphyxia is closely associated withmajor neu-
odevelopmental sequelae such as cerebral palsy, cognitive
mpairment, epilepsy and chronic diseases later in life (Tan
t al., 2004). Prematurity contributes another 28% to the
otal burden of newborn mortality (WHO, 2005), some due
o inadequate respiratory support in the ﬁrst minutes of life,
hilst prematurity is also a risk factor for poorer outcomes
n birth asphyxia (Costello and Manandhar, 1994). Perhaps
ess important, although still common, is the problem of
e and Hygiene. Published by Elsevier Ltd. All rights reserved.
9m
l
o
a
i
a
K
s
f
i
a
b
l
t
c
v
e
r
r
o
a
s
e
a
e
m
a
r
o
1
i
t
r
(
l
c
q
p
i
e
t
c
t
a
2
T
o
T
i
c
t
s
b
M
t
•
•
•
•
•
•
•
a
a
r
m
r
e
a
t00
econium aspiration syndrome (MAS). Approximately 13% of
iveborn infants are born through meconium-stained amni-
tic ﬂuid (MSAF); of these, 5—12% develop MAS (Wiswell et
l., 2000) manifesting as severe respiratory distress result-
ng in at best a requirement for careful, facility-based care
nd at worst death in 5—40% of cases (Fraser et al., 2005;
eenan, 2004; Wiswell et al., 1990). The implication of these
tatistics should be clear—–that outcomes might be improved
or more than 1 million infants per year through effective
mplementation of simple resuscitative techniques (Lawn et
l., 2005a; Niermeyer et al., 2000).
However, whilst the fetal to neonatal transition during
irth for all babies is marked by rapid and complex physio-
ogical changes critical to survival, most undergo a normal
ransition with only 5—10% requiring some degree of resus-
itation at birth, ranging from simple stimulation to assisted
entilation (Tan et al., 2004). The problem for health work-
rs and health systems is that it is often hard to predict
eliably which pregnancies or labours will produce a baby
equiring intervention. Reducing newborn mortality, whilst
bviously depending on improved management of pregnancy
nd labour, therefore also requires that birth attendants
hould be able to provide basic newborn resuscitation (Bang
t al., 2005). Such basic resuscitation, correctly done, is
ble to help most babies in need (WHO, 1997). However,
ven in health facilities, basic newborn resuscitation equip-
ent may be missing, whilst health workers are often not
dequately trained (English et al., 2004; WHO, 1997). The
esult is that observations of newborn resuscitation in devel-
ping countries often demonstrate poor practices (Kamenir,
997). To a large extent, in many developing countries an
nability to offer effective newborn resuscitation has been
olerated for many years. This largely reﬂects the belief that
esuscitation is complex and dependent on the presence of
relatively) expensive technology making it ‘out of reach’ of
ow-income health systems.
However, emerging evidence suggests that resuscitation
an and should be very simple without compromising the
uality of the intervention (WHO, 1997). Following a sim-
le A (airway), B (breathing) and C (circulation) approach
t should be possible to provide resuscitation with simple
quipment and minimal skills. The purpose of this review is
o summarise the recent evidence, relevant to developing
ountries, that provides support for the view that effec-
ive newborn resuscitation can and should be provided in
ll health facilities and even perhaps in the community.
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Table 1 Clinical questions
Steps Clinical questions
A —– Airway (a) What is the value of routine perine
(b) What is the value of routine endot
B —– Breathing (a) What is known about techniques of
(b) What is the preferred empirical re
C —– Circulation (a) What is known about the use of ch
D —– Drugs (a) What is the value of bicarbonate in
(b) What is the value of adrenaline in
(c) What is the value of glucose in new
MAS: meconium aspiration syndrome; MSAF: meconium-stained amniotO. Newton, M. English
. Methods
his review was aimed at answering the clinical questions
n the ABC approach to newborn resuscitation included in
able 1. These questions emphasised topics that have major
mplications for the organisation and prioritisation of resus-
itation services and the technology that supports resusci-
ation.
Potential studies for inclusion were identiﬁed by direct
earches of the MEDLINE database via PubMed (1966—2005)
y use of clinical queries (Haynes and Wilcynski, 2004;
ontori et al., 2005). The following combinations of search
erms were used:
Meconium aspiration: (meconium aspiration ORmeconium
OR meconium aspiration syndrome) AND (suction OR suc-
tioning) AND newborn resuscitation;
Inﬂation breaths: resuscitation AND (inﬂation breaths OR
breath*) AND (infant* OR neonat*);
Air vs. oxygen: (air OR oxygen) AND newborn resuscita-
tion;
Chest compressions: resuscitation AND (compressions OR
chest compression OR compression rates) AND (infant* OR
neonat*);
Sodium bicarbonate: acidosis AND (sodium bicarbonate OR
bicarbonate) AND (newborn OR infant OR neonat*);
Adrenaline: resuscitation AND (adrenaline OR epinephrine
OR drugs) AND (newborn OR infant OR neonat*);
Glucose: resuscitation AND (glucose OR dextrose OR
drugs) AND (newborn OR infant* OR neonat*).
The speciﬁc searches were aimed at identifying avail-
ble evidence based on current randomised controlled tri-
ls (RCTs). However, where there were no RCTs, we brieﬂy
eport ﬁndings based on previous literature reviews.
To ensure a comprehensive literature review, supple-
entary searches were conducted in the Cochrane Library,
eference lists of all included articles and collections of
xperts in the ﬁeld. The titles and abstracts of the retrieved
rticles were read by two independent reviewers and
hose that met the pre-set inclusion criteria were selected
see Appendix A).
The methodological quality of the selected articles
as assessed using the Oxford Centre for Evidence-Based
edicine (CEBM) levels of evidence, which ranks the validity
f evidence in a hierarchy of levels, with systematic reviews
al suction to prevent MAS in infants born through MSAF?
racheal suction to prevent MAS in infants born through MSAF?
initiating ventilation during newborn resuscitation?
suscitation gas in asphyxiated term or preterm infants?
est compressions in newborn resuscitation?
correcting newborn acidosis during newborn resuscitation?
newborn resuscitation?
born resuscitation?
ic ﬂuid.
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(SRs) as level 1 (strong evidence) and expert opinions as
level 5 (weak evidence) (Phillips et al., 2001). Likewise,
the grades of recommendations were based on the Scottish
Intercollegiate Guidelines Network (SIGN) grading system,
which places weight on the quality and body of evidence
(Habour and Miller, 2001) (Appendix B).
2.1. Airway (A) (Table 2)
As soon as the umbilical cord is cut, if the baby is not already
crying most authorities recommend that the baby is quickly
dried with a (warm) towel for 10—15 s, re-wrapped in some-
thing clean and dry and placed where the baby can be kept
warm. If the baby is now crying and active, an appropriate
place is skin to skin on the mother’s chest. If the baby is not
crying after stimulation by effective drying or is not showing
other signs of life, then resuscitation should begin. There is
no place for more vigorous stimulation such as slapping the
feet or bottom and as the baby is delivered no place for
hanging the baby upside down to ‘drain out the liquor’.
2.1.1. Positioning
Failure to establish normal breathing at birth may result
from the absence of a patent airway due to poor positioning
of the head (or mechanical obstruction from blood, mucus
or meconium). Thus, the ﬁrst step for a baby should be to
position the head in a neutral position to open the airway.
The rationale and techniques for this are described in full
elsewhere (Resuscitation Council (UK), 2000, 2001; WHO,
2006).
2.1.2. Nasal and oropharyngeal suction on the perineum
to prevent MAS
At the present time, delivery room management of babies
born through MSAF includes suctioning of themouth and nose
before delivery of the shoulders. This addresses the concern
that babies will inhale meconium present in the upper air-
way with their ﬁrst breath, putting them at risk of MAS. The
rationale for routine perineal suctioning of all babies born
through MSAF has recently been questioned.
In a large study (n = 2514) conducted in Argentina and
the USA, the effectiveness of intrapartum oropharyngeal
and nasopharyngeal suctioning of term infants being born
through MSAF was assessed. It was concluded that the proce-
dure does not prevent MAS (Vain et al., 2004): there was no
signiﬁcant difference between treatment groups in the inci-
dence of MAS (52 (4%) suction vs. 47 (4%) no suction; relative
risk (RR) 0.9, 95% CI 0.6—1.3), the need for mechanical ven-
tilation for MAS (24 (2%) vs. 18 (1%); RR 0.8, 95% CI 0.4—1.4),
mortality (9 (1%) vs. 4 (0.3%); RR 0.4, 95% CI 0.1—1.5) or the
duration of ventilation, oxygen treatment and hospital care.
On the contrary, the procedure has been shown to be poten-
tially harmful; it may cause apnoea and cardiac arrhythmias
triggered by pharyngeal stimulation, worsening hypoxia and
delay the establishment of adequate tissue oxygen delivery
as well as risking damage to the upper airway (Linder et al.,
1988; Vain et al., 2004).
2.1.3. Endotracheal suction to prevent MAS
Tracheal suctioning of meconium in babies born through
MSAF is an established intervention in many delivery rooms.
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owever, recent evidence shows that this procedure might
ot be effective in reducing the incidence of MAS in active
abies, i.e. those with good respiratory effort, heart rate
100 and reasonable tone.
Five studies have addressed the question of the efﬁ-
acy of endotracheal suctioning of vigorous babies born
hrough MSAF (Daga et al., 1994; Linder et al., 1988; Liu
nd Harrington, 1998; Wiswell et al., 2000; Yoder, 1994).
our studies (Daga et al., 1994; Linder et al., 1988; Liu and
arrington, 1998; Yoder, 1994), which compared vigorous
erm infants born through MSAF assigned to tracheal suction
r routine care, showed no clear beneﬁt of routine endotra-
heal suction. In subgroup analyses, this lack of beneﬁt was
pparent even in those born through very thick meconium
Yoder, 1994). On the contrary, the procedure was associated
ith an increase in minor pulmonary and laryngeal disorders
Linder et al., 1988). Similarly, in one large RCT (Wiswell
t al., 2000), the incidence of MAS in the group assigned
o tracheal suction was almost identical to the incidence
n the group assigned to routine care without tracheal suc-
ion (3.2% vs. 2.7%, respectively). An additional Cochrane
eview that analysed four of the included studies (Daga et
l., 1994; Linder et al., 1988; Liu and Harrington, 1998;
iswell et al., 2000) came to similar conclusions (Halliday,
000), although two of the studies (Daga et al., 1994; Liu
nd Harrington, 1998) had methodological ﬂaws with ran-
omisation and blinding of interventions.
.2. Breathing (B) (Table 3)
.2.1. Assisted ventilation: initial inﬂation breaths
fter airway opening, if the baby is not breathing, is breath-
ng irregularly or shallowly, or is blue, modern recommen-
ations are to give the baby ﬁve slow chest inﬂations with
bag-valve-mask (BVM) device (Resuscitation Council (UK),
001). The basis for these inﬂation breaths is that until birth
he lungs are ﬁlled with ﬂuid. To clear the lung ﬂuid, sus-
ained application of pressures of approximately 30 cm of
ater for 2—3 s is required in a term infant (lower pressures
re recommended in preterm infants). Too low a pressure
ay be ineffective in achieving expansion of lungs with ini-
ially low compliance, whilst too high a pressure may result
n lung damage, notably pneumothorax. These slow inﬂa-
ion breaths are also intended to maximise opening of the
ore peripheral airspaces (Resuscitation Council (UK), 2000,
001). Recent evidence suggests that such pressures can be
eliably achieved with a BVM device in competent hands, at
east in simulations (O’Donnell et al., 2005).
Although supported by some experimental data and
xpert consensus, no RCTs were identiﬁed that have for-
ally tested the value of inﬂation breaths when the baby
ails to initiate breathing.
.2.2. Assisted ventilation: air vs. oxygen
raditionally, 100% oxygen has been used to resuscitate all
sphyxiated newborns irrespective of the severity of their
ondition. This practice largely reﬂects the concern that
he poor tissue oxygen delivery that is a routine part of the
etal to neonatal transition is exacerbated by problems at or
uring birth, resulting in systemic and damaging oxygen deﬁ-
iency (Vento et al., 2003). Thus, the aim has always been
902
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Table 2 Airway
Reference/design Country/setting Inclusion criteria Sample size Intervention LOE
(a) Meconium aspiration: perineal suction
Vain et al. (2004); double-blind RCT Multicentre, hospitals Birth through MSAF of
any consistency
2514 Suctioning of the
oropharynx and
nasopharynx before
delivery of the shoulders
(n = 1251) or no suctioning
before delivery (n = 1251)
1b
Gestational age ≥37
weeks
No abnormalities
(b) Meconium aspiration: endotracheal suction
Wiswell et al. (2000); RCT Multicentre, hospitals Birth through MSAF of
any consistency
‘Vigour’ immediately
after birth
2094 Subjects were randomised
to be intubated and
suctioned (n = 1051) or to
expectant management
(n = 1043)
1b
Linder et al. (1988); RCT Israel, hospital MSAF
Gestational age >37
weeks
572 Group I (n = 308):
suctioning of the trachea
under direct vision
1b
Birth weight >2500 g
Breathing
spontaneously
Group II (n = 264): no
suctioning
Daga et al. (1994); RCT India, hospital Babies born with thick
meconium staining of
amniotic ﬂuid
49 Control group (n = 26)
received only
oropharyngeal suction,
whilst the intervention
group (n = 23), underwent
oropharyngeal suction
followed by tracheal
suction
1b ‘—’
LOE: Oxford Centre for Evidence-Based Medicine level of evidence (May 2001); RCT: randomised controlled trial; MSAF: meconium-stained amniotic ﬂuid; ‘—’: denotes a level of evidence
that fails to provide a conclusive answer.
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Table 3 Breathing (air vs. oxygen)
Reference/design Country/setting Inclusion criteria Sample size Intervention LOE
Ramji et al. (2003); quasi-randomised India, teaching hospitals Asphyxiated babies 431 RAG (n = 210): asphyxiated
neonates born on even dates
given room air
1b ‘—’
Weight >1000 g
Heart rate <100/min
Apnoea unresponsive to suction
No abnormalities
100% oxygen group (n = 221):
asphyxiated neonates born on
odd dates given 100% oxygen
Vento et al. (2003); RCT Spain, hospital, obstetric
ward
Asphyxiated babies 151 RAG (n = 51) given room air 1b
Term Oxygen group (n = 55) given
100% oxygen
Vento et al. (2001); RCT Spain, hospital, outpatient
clinic, obstetric ward
Asphyxiated 40 Room air (n = 19) or 100%
oxygen (n = 21) via IPPV with
bag and mask at 30 bpm
1b
Term
Apnoeic, unresponsive to stimuli
Bradycardic
Saugstad et al. (1998); quasi RCT Multicentre, hospitals Asphyxiated infants 609 Quasi-randomised by date of
birth (even = room air (n = 288),
odd = 100% oxygen (n = 331))
1b ‘—’
Weight >999 g
Heart rate <80 bpm
Apnoea/gasping
No abnormalities
Ramji et al. (1993); quasi-randomised India, hospital Birth weight >999 g 84 Neonates allocated to be
resuscitated with either room
air (n = 42) or 100% oxygen
(n = 42)
1b ‘—’
Apnoea
Heart rate <80 bpm
LOE: Oxford Centre for Evidence-Based Medicine level of evidence (May 2001); RAG: room air group; RCT: randomised controlled trial; IPPV: intermittent positive pressure ventilation;
‘—’: denotes a level of evidence that fails to provide a conclusive answer.
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o correct any oxygen debt rapidly in the expectation that
his will prevent or ameliorate any damage. Whilst appar-
ntly logical, emerging evidence suggests that this intuitive
pproach, which appears to restrict the delivery of effec-
ive resuscitation to sites with access to oxygen, is of no
eneﬁt. Thus, six studies (Ramji et al., 1993, 2003; Saugstad
t al., 1998, 2003; Vento et al., 2001, 2003), which com-
ared resuscitation of asphyxiated newborns with room air
r oxygen, found no differences between the groups with
egard to mortality, morbidity and adverse neurodevelop-
ental outcomes. However, pooled analysis of an updated
ochrane review of four of the studies (Ramji et al., 1993,
003; Saugstad et al., 1998; Vento et al., 2003) showed a
igniﬁcant reduction in the rate of death in the group resus-
itated with room air (RR 0.71, 95% CI 0.54—0.94; risk differ-
nce (RD) −0.05, 95% CI −0.08 to −0.01); number needed
o treat 20, 95% CI 12—100) (Tan et al., 2004). These ﬁnd-
ngs suggest, contrary to common current practice, that one
eath would be prevented for every 20 babies resuscitated
ith air rather than 100% oxygen.
Interestingly, room air resuscitation (RAR) has also been
hown to have a number of short-term beneﬁts not observed
ith resuscitation using oxygen. Recovery among RAR infants
s quick as assessed by Apgar scores, time to ﬁrst breath
nd onset of a sustained pattern of respiration (Ramji et
l., 2003; Saugstad et al., 1998; Vento et al., 2001, 2003).
onversely, use of 100% oxygen is associated with hyperoxia
nd alterations in cerebral circulation (Vento et al., 2003).
However, some questions remain. In ﬁve studies (Ramji
t al., 1993, 2003; Saugstad et al., 2003; Vento et al., 2001,
003), back-up oxygen was used for infants initially resus-
itated with room air. However, this was allowed only for
nfants who remained cyanotic or bradycardic or in cases of
esuscitation failure. Thus, there is a possibility that some
ubgroups of infants do require and beneﬁt from resusci-
ation with oxygen. The effect on long-term development
ould also not be reliably determined because of method-
logical limitations in the one study that followed up infants
eyond 12 months of age (Saugstad et al., 2003). Finally,
he studies included few low birth weight/premature infants
nd thus the results cannot be extrapolated with conﬁdence
o this group. These topics should now be the subject of
uture speciﬁc trials that ideally improve on some of the
ethodological limitations encountered in the current data,
ncluding small numbers, inadequate long-term follow-up
ates and lack of blinding of interventions/outcome mea-
urements. Given these caveats, some caution should there-
ore be exercised in the application of the ﬁndings of the
urrent studies to the whole population of babies requiring
esuscitation.
.3. Circulation (C)
s expected, there were no RCTs examining the value or
elivery recommendations for chest compressions. Current
uidelines are largely based on experimental animal data,
imulation and expert consensus. The guidelines recommend
ompressions when bradycardia (heart rate <60/min and
alling) persists despite adequate ventilation (Niermeyer et
l., 2000; Resuscitation Council (UK), 2000). The compres-
ions are required to deliver oxygenated blood primarily to
t
c
t
t
tO. Newton, M. English
he coronary circulation rather than the systemic circula-
ion (in contrast to adult resuscitation, the heart is usually
ormal and just transiently ischaemic). Thus, compressions
re only of value if one is certain that lung inﬂation has
ccurred (Resuscitation Council (UK), 2001). It is recom-
ended that chest compressions should be co-ordinated
ith ventilations at a ratio of 3:1 to complete 30 cycles
n 1min, although the quality of chest expansion and com-
ression is perhaps more important than attaining these
ates.
.4. Drugs (D) (Table 4)
rugs have traditionally been used in newborns who do
ot respond to adequate ventilation and chest compres-
ions (WHO, 1997). Clearly the emphasis is on adequate
entilation and compressions as drugs will be useless unless
he primary problems of hypoxaemia/ischaemia are over-
ome and there is some degree of circulation (Resuscitation
ouncil (UK), 2000, 2001). Although prominent in the
inds of many, as well as evidence of their (inappro-
riate) prioritisation in practice in developing countries
Kamenir, 1997), there is little evidence for the value of
rugs.
.4.1. Sodium bicarbonate
wo small RCTs (Lokesh et al., 2004; Murki et al., 2004) that
ssessed the effects of sodium bicarbonate in asphyxiated
eonates concluded that its administration does not help to
mprove survival or immediate neurological outcome. Simi-
arly, a recent SR of base administration for preventing mor-
idity and mortality in preterm infants with metabolic aci-
osis found no statistically signiﬁcant effect onmortality (RR
.39, 95% CI 0.72—2.67; RD 0.12, 95% CI −0.12 to 0.36) or the
ncidence of intraventricular/periventricular haemorrhage
RR 1.24, 95% CI 0.47—3.28; RD 0.05, 95% CI −0.16 to 0.25)
Lawn et al., 2005b). The latter analysis reﬂected a concern
hat bicarbonate bolus may be associated with an increased
ncidence of intraventricular haemorrhage and hyperna-
raemia (Kamenir, 1997; Lawn et al., 2005b; Papile et al.,
978), although the volume/dose/concentration of sodium
icarbonate used may inﬂuence this outcome (Lokesh et al.,
004). The strength of the ﬁndings of this SR is, however,
imited by the small number of studies (n = 2) and infants
n = 98) included. An additional review (Kecskes and Davis,
002) found no evidence to support or refute the rapid cor-
ection of early metabolic acidaemia in low birth weight
eonates.
These ﬁndings show that there is insufﬁcient evidence
o determine whether sodium bicarbonate infusion reduces
orbidity and mortality or is even valuable in correcting
cidosis in preterm infants with metabolic acidosis. Thus,
urther large randomised trials are needed.
.4.2. Adrenaline
drenaline (through -adrenergic-mediated vasoconstric-
ion) theoretically elevates the perfusion pressure during
hest compression hence enhancing delivery of oxygen to
he heart and brain. It may also enhance the contrac-
ile state of the heart, stimulate spontaneous contrac-
ions and increase the heart rate (Niermeyer et al., 2000).
Newborn resuscitation: deﬁning best practice for low-income settings 905
Table 4 Drugs
Reference/design Country/setting Inclusion
criteria
Sample size Intervention LOE
Lokesh et al.
(2004); Murki
et al. (2004);
RCTs
India, hospital,
Intensive Care
Unit
Asphyxiated
infants
continuing to
need PPV at
5min of life
55 Bicarbonate group
(n = 27): given 4ml/kg
sodium bicarbonate
over 3—5min
1b
Dextrose group
(n = 28): given 4ml/kg
of undiluted 5%
dextrose over
3—5min
LOE: Oxford Centre for Evidence-Based Medicine level of evidence (May 2001); RCT: randomised controlled trial; PPV: positive pressure
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Evidence for a valuable role in practice in human newborns
is, however, lacking. One SR on adrenaline administration
to apparently stillborn or extremely bradycardic newborn
infants found no studies on mortality and morbidity out-
comes. Similarly, no studies on optimum dosage and route of
administration of adrenaline were found. The authors con-
cluded that the current recommendations for adrenaline use
in newborn infants are based solely on evidence from ani-
mal studies and human adults. Thus, studies are required
to determine the role of adrenaline in neonates, including
those of extremely low birth weight (Ziino et al., 2002).
The consensus view is that adrenaline administration
can be considered if bradycardia persists after a minimum
of 30 s of chest compressions and adequate ventilation as
judged by good chest movement (Niermeyer et al., 2000;
Resuscitation Council (UK), 2001). However, this is clearly
only possible if there are at least two skilled personnel
present.
2.4.3. Dextrose
There are no reported RCTs that have speciﬁcally examined
the value of dextrose during newborn resuscitation. There-
fore its role, if any, remains unestablished.
Expert consensus suggests that dextrose can be used if
there is no response to adrenaline and sodium bicarbonate
(Resuscitation Council (UK), 2001). The dextrose theoreti-
cally replenishes glycogen stores that are believed to dimin-
ish in the heart after delivery (Resuscitation Council (UK),
2001).
3. Implications for low-income settings
3.1. Environment/equipment
Newborn babies, especially small/asphyxiated babies, have
difﬁculty in tolerating a cold environment. Continued expo-
sure of the newborn to cold stress will result in a lower
arterial oxygen tension and increased metabolic acidosis.
To minimise evaporative heat loss, maintain a warm (25 ◦C)
delivery room, keep all doors and windows closed, place the
baby under a pre-heated radiant warmer for resuscitation if
B
•vailable and quickly dry the baby immediately after deliv-
ry (Niermeyer et al., 2000).
The minimum equipment needed for newborn resuscita-
ion includes a dry towel, a bulb suction device and a bag and
ask ventilator (Kamenir, 1997). A suggested list of resus-
itation equipment is presented in Appendix C (Ministry of
ealth, 2002).
.1.1. Recommendations
ased on the ﬁndings of this review, the following recom-
endations can be made with regard to practices pertinent
o the ABC approach to newborn resuscitation in low-income
ettings. The grades of recommendations were based on the
IGN grading system (Appendix B).
nvironment
To minimise evaporative heat loss, maintain a warm
delivery room and dry the baby immediately after birth
(Grade D).
—– Airway
Perineal suction is of no value and has potential risks. The
practice should be stopped (Grade A).
Routine endotracheal suction of vigorous term babies born
through MSAF is of no beneﬁt and may be harmful even if
there is thick meconium (Grade A).
Routine endotracheal suction in infants born through MSAF
with poor tone/apnoea is of unknown value.
Airway suction should be in response to evidence of
obstruction and should be done under direct vision —–
deep, blind suction should be avoided (Grade D).
If the baby is having difﬁculty in breathing, position the
head in a neutral position to open the airway (Grade D).—– Breathing
In cases of breathing difﬁculty, provide ﬁve inﬂation
breaths each sustained for 2—3 s with a bag and mask
ensuring that chest expansion is noted (Grade D).
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Infants can be initially resuscitated with room air just as
efﬁciently as with oxygen (Grade A); spare oxygen should
continue to be made available where possible in case of
resuscitation failure.
Application of the above A (airway) and B (breath-
ng) steps that require a minimum of equipment should
e promoted at peripheral health facilities and ideally
t the community level where a large proportion of
irths occur. Effective resuscitation (by one person) can
e supplied in approximately 95% of newborns requir-
ng intervention by following these two straightforward
teps.
— Circulation
Chest compressions (after lung inﬂation) should be con-
sidered when bradycardia persists despite adequate ven-
tilation (Grade D).
Co-ordinate chest compressions and ventilations; they
should be in a ratio of 3:1 with approximately 90 com-
pressions and 30 breaths per min (Grade D).
To improve the outcomes of high-risk deliveries at health
acilities, skilled performance of chest compressions should
e supported through newborn resuscitation training.
—– Drugs
The routine use of sodium bicarbonate to correct new-
born metabolic acidosis does not help to improve survival
or immediate neurological outcome. Bicarbonate infusion
has potential risks. Thus, the practice should be stopped
(Grade B).
Administration of adrenaline is of no proven beneﬁt but
may be indicated if bradycardia persists after a minimum
of 30 s of chest compressions and adequate ventilation as
judged by good chest movement (Grade D).
Dextrose is of no proven beneﬁt but may be used if there is
no response to adrenaline and sodium bicarbonate (Grade
D).
It should be clear that there is little evidence for a useful
ole of drugs in newborn resuscitation. Therefore, their use
hould only be considered in delivery units with an adequate
K
r
W
t
s
ppendix A. Selection criteria for randomised con
Patients Interven
econium
spiration
Preterm or term infants born
through MSAF
(a) peri
(b) endo
suction
ir vs. oxygen Asphyxiated preterm or
term neonates
Compar
odium bicarbonate Preterm or term infants Use of a
bicarbo
SAF: meconium-stained amniotic ﬂuid; MAS: meconium aspiration syndO. Newton, M. English
umber of trained staff. Thus, only if adequate ventilation
nd chest compressions are being provided can drugs even
e considered. Arguably, even if there are two resuscitators
hen the optimum approach would be for both to concen-
rate solely on the provision of effective approaches to A, B
nd C for at least 5min, waiting for a third assistant before
he use of drugs is considered.
.1.2. Research gaps
ased on the ﬁndings of this review, the following emerged
s priority areas for future research in developing countries.
There is need for future trials:
to establish whether community health workers or tradi-
tional birth attendants can be appropriately trained;
to investigate the role, if any, of routine endotracheal
suctioning in neonates born through MSAF who are not
vigorous at birth;
to determine the effects of room air or oxygen resuscita-
tion on long-term neurodevelopmental outcomes in term
and preterm infants;
to conﬁrm the postulation that some subgroups of infants
could beneﬁt from resuscitation with oxygen supplemen-
tation. The basis for this is post hoc ﬁndings of the use
of back-up oxygen in cases of resuscitation failures in the
RAR group; and
to determine whether sodium bicarbonate infusion
reduces morbidity and mortality in preterm infants with
metabolic acidosis.
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Appendix B. Scottish Intercollegiate
Guidelines Network (SIGN) grading system
Grades of recommendations
A At least one meta-analysis, systematic review (SR) or ran-
domised controlled trial (RCT) rated as I++ and directly
applicable to the target population; or a SR of RCTs or a
body of evidence consisting principally of studies rated as
I+ directly applicable to the target population and demon-
strating overall consistency of results
B A body of evidence including studies rated as II++ directly
applicable to the target population and demonstrating
overall consistency of results; or extrapolated evidence
from studies rated as I++ or I+
C A body of evidence including studies rated as II+ directly
applicable to the target population and demonstrating
overall consistency of results; or extrapolated evidence
from studies rated as II++
D Evidence level III or IV; or extrapolated evidence from
studies rated as II+
Levels of evidence
I++ High quality meta-analyses, systematic reviews (SRs) of
randomised controlled trials (RCT), or RCTs with a very low
risk of bias
I+ Well conducted meta-analyses, SRs of RCTs, or RCTs with
a low risk of bias
I− Meta-analyses, SRs of RCTs, or RCTs with a high risk of
bias
II++ High quality SRs of case—control or cohort studies. High
quality case—control or cohort studies with a very low risk
of confounding, bias, or chance and a high probability that
the relationship is causal
II+ Well conducted case—control or cohort studies with a
low risk of confounding, bias, or chance and a moderate
probability that the relationship is causal
II− Case—control or cohort studies with a high risk of con-
founding, bias, or chance and a signiﬁcant risk that the
relationship is not causal
III Non-analytical studies, e.g. case reports, case series
IV Expert opinion
Appendix C. Recommended equipment for
resuscitation of the newborn
Essential
• Source of heat, e.g. heater or lamp or Resuscitaire®
• Ambu bag (infant size)
• Warm dry linen
• Face masks sizes 0 and 1, preferably round
• A pair of scissors, strapping and tapesPriority
• Source of oxygen, ﬂow meter and tubings
• Suction equipment, i.e. rigid, large bore (Yankauer) suc-
tion tube and catheters, sizes F6, 8, 10
Lttings 907
Syringes and needles/swabs, preferably 1ml, 2ml, 10ml
Stethoscope
pecialist use
Laryngoscope with extra batteries and bulb
Laryngoscope blades sizes 0 and 1, preferably straight
blade
Endotracheal tube size 2.5mm, 3.0mm, 3.5mm
Umbilical catheters
Nasogastric tube size F4 can be used as umbilical catheter
Airway sizes: 000, 00, 0
Adrenaline
10% dextrose
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